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DQG WKLV ZLOO UHVXOW LQ WKLQQLQJ RI SLSH ZDOO +RZHYHU WKH WKLQQLQJ ORFDWLRQ RI WKH VWUDLJKW SLSH LV GLIIHUHQW
GUDPDWLFDOO\IURPWKHSUHGLFWHGUHVXOWV/LQDQGKLVIHOORZV>@DQDO\]HGWKHVFDOHVXEVWDQFHLQ WKHFRUURGHG]RQH




VWDWH DQG RYHUKHDWHG ,Q IDFW OLTXLG ZDWHU SDUWLFOHV KDYH EHHQ HQWUDLQHG LQ WKH FROG V\QJDVHV DIWHU VFUXEEHG E\
VFUXEEHU$QGFRUURVLYHVXEVWDQFHVVXFKDV+6DQG&2ZRXOGEHGLVVROYHGLQWKHHQWUDLQPHQWZKLFKZRXOGIORZ
LQWR WKH PDLQ SLSH RI PL[LQJ WHH >@ 7KHQ WKH FRUURVLYH GURSOHWV LQ WKH FROG V\QJDVHV ZRXOG EH KHDWHG DQG
HYDSRUDWH ZKHQPL[HG ZLWK KRW V\QJDVHV 7KH DXWKRUV ZLOO GR QXPHULFDO DQDO\VLV RQ WKH IORZ DJJUHJDWLRQ DQG





 D E F
)LJ/HDNDJHDQGFUDFNLQJRIWKHWHHD/HDNDJHRQWKHQHFNE/HDNDJHRQWKHGRZQVWUHDPSLSHF7HDUFUDFNLQJRQWKHGRZQVWUHDPSLSH
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
%\VLPXODWLQJ WKHPL[LQJSURFHVVRI WKHFROGDQGKRWV\QJDVHVZLWK$VSHQ3OXV LW LVHQVXUHG WKDW WKHUH LV
OLTXLGZDWHU LQ WKHFROG V\QJDVHV LQPROH IUDFWLRQ ,W LVEHOLHYHG WKDW WKLV OLTXLGZDWHUJHWV LQWR WKHPDLQSLSHRI
PL[LQJ WHHE\ WKHZD\RIHQWUDLQPHQW0HDQZKLOH LWFDQEHVHHQIURPWKH UHVXOW WKDWDOORI WKHKRWV\QJDVHVDQG




3.1. CFD models[9] 
7KHIORZRIWKHPL[LQJLVDQDO\]HGZLWKWKHkİ WXUEXOHQFHPRGHODQGVSHFLHVWUDQVSRUWPRGHODQGDWWKHVDPH
WLPH WKH WUDFNRI OLTXLGGURSOHWVDQG WKHFRUUHVSRQGLQJKHDWDQGPDVV WUDQVIHUDUHDOVRDQDO\]HGZLWK WKHGURSOHW
HYDSRUDWLRQPRGHOLQGLVFUHWHSDUWLFOHPRGHO'30
'URSOHWHYDSRUDWLRQHTXDWLRQLVDVHTXDWLRQ
  f isiii CCkN   
6SHFLHVWUDQVSRUWPRGHOLVDVHTXDWLRQ
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3.2. Model and mesh 
5HJDUGWKHFROGV\QJDVHVSLSHRIWKHPL[LQJWHHDVWKHPDLQSLSHDQGWKHKRWV\QJDVHVSLSHDVWKHEUDQFKSLSH












3.3. Boundary conditions 
$V WKH IXOO\GHYHORSHG WXUEXOHQW IORZUHTXLUHV DYHU\ ORQJ UXQIRUERWK WKHFROGDQGKRW V\QJDVHVZKLFK LV D
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$VZHNQRZDFFXUDWHSK\VLFDOSDUDPHWHUVDUHHVVHQWLDOIRUWKHSURFHVVVLPXODWLRQ>@)RUH[DPSOHWKHVDWXUDWHG
YDSRU SUHVVXUH RI GURSOHWVZKLFK LV UHODWHG WR WKH WHPSHUDWXUH VKRXOG EH GHWHUPLQHG FDUHIXOO\ EHFDXVH LW LV WKH
GULYLQJIRUFHRIWKHHYDSRUDWLRQSURFHVV$VWKHWHPSHUDWXUHYDULHVHYHU\ZKHUHGXULQJWKHPL[LQJRIKRWDQGFROG
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ZKHUHAi˄i ˅DUHILWWLQJFRQVWDQWVDQGWKHGHWDLOYDOXHVDUHRPLWWHGKHUH
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6\QJDVHVIORZDQDO\VLV
$VWKHUHDUHRQO\DIHZGURSOHWVH[LVWLQJLQWKHIOXLGERWKWKHLQWHUDFWLRQEHWZHHQGURSOHWVDQGGURSOHWV¶YROXPH







ZDOOEHVLGH WKHEUDQFKVWUHDP WKHQIORZVDORQJ WKHSLSHZDOO WR WKHGRZQVWUHDPEHFDXVHRI WKHFRQVWUDLQWRI WKH




'XULQJ WKH PL[LQJ SURFHVV RI WKH PDLQ SLSH IOXLG DQG EUDQFK SLSH IOXLG WKH GURSOHWV HQWUDLQHG LQ WKH FROG
V\QJDVHVHYDSRUDWHUDSLGO\EHFDXVHRIWKHKLJKHUWHPSHUDWXUHRIEUDQFKSLSHIOXLG
)LJXUHVKRZVWKHYDULDWLRQRIGURSOHWVDVDIXQFWLRQRIWLPH,WFDQEHVHHQWKDWWKHORFDWLRQRIGURSOHWVLVNHHS
FKDQJLQJ ZLWK WKH IORZLQJ RI PDLQ SLSH JDV XQWLO  V 0HDQZKLOH ODUJH TXDQWLWLHV RI GURSOHWV DJJUHJDWH DW
D]LPXWK RRI WKHPDLQ SLSHZDOO LQ WKH GRZQVWUHDP RI WKHPL[LQJ WHH 7KH UHDVRQ IRU WKLV SKHQRPHQRQ LV WKDW
GURSOHWVVHOGRPHYDSRUDWHLQWKHXSVWUHDPEXWHYDSRUDWHTXLFNO\ZKHQWKHKRWV\QJDVHVLQMHFWLQWRWKHPDLQSLSH















,Q RUGHU WR LOOXVWUDWH WKH DFFXUDWH ORFDWLRQZKHUH WKHPD[LPXPGURSOHWV FRQFHQWUDWLRQ DSSHDUV D FXUYH RI WKH
GURSOHW FRQFHQWUDWLRQ DORQJ WKH D[LV ] DW D]LPXWK RRI WKH SLSHZDOO KDV EHHQZRUNHG RXW LQ )LJ $OWKRXJK
GURSOHWVDOVRH[LVWDWWKHD]LPXWKRRIXSVWUHDPSLSHZDOOLWKDVDYHU\ORZFRQFHQWUDWLRQ2QWKHFRQWUDU\DIWHUWKH
LQMHFWLRQRI WKH KRW V\QJDVHV WKH FRQFHQWUDWLRQRI GURSOHWV DW D]LPXWKR RI WKHGRZQVWUHDPSLSHZDOO LV JHWWLQJ
KLJKHU TXLFNO\ EHFDXVH RI DJJUHJDWLRQ DQG WKHQ JHWWLQJ ORZHU TXLFNO\ EHFDXVH RI WKH HYDSRUDWLRQ 7KH GURSOHW
FRQFHQWUDWLRQEHFRPHVQXOOEH\RQGPGRZQVWUHDPWKHPDLQSLSH































FRUURVLYH GURSOHWV UHDFW ZLWK VWHHO DQG JLYH RXW WKH LURQ FDUERQDWH DQG VXOSKXU FRUURVLRQ SURGXFWV >@ 7KLV LV
FRQVLVWHQWZLWKWKHFRUURVLYHSURGXFWVDQDO\]HGE\/LQDQGKLVIHOORZV>@








4.1. Structure improvement 
,QRUGHUWRVROYHWKHFRUURVLRQDQGFUDFNLQJSUREOHPRIWKHPL[LQJWHHDQLPSURYHGVWUXFWXUHVKRZQLQ)LJLV
SURSRVHG WR HOLPLQDWH WKH DJJUHJDWLRQ RI FRUURVLYH GURSOHWV HIIHFWLYHO\$ IOXLG JXLGDQFH LV FRQLFDOO\ IODUHG DQG
ZHOGHG EHIRUH WKH EUDQFK HQWUDQFH LQ WKHPL[LQJ WHH DQG WKH KDOI FRQLFDO DQJOH LV R 7KH GLPHQVLRQV RI IOXLG
JXLGDQFHDUHIDQGWKHPDWHULDOLV,QFROQHOZKLFKLVDQLURQQLFNHODQGFREDOWEDVHGPDWHULDODQGFDQ
ZRUNORQJHQRXJKLQUHOLDELOLW\DWKLJKWHPSHUDWXUHDERYHԨDQGXQGHUUHODWLYHO\KLJKVWUHVV7KHPDWHULDOKDV












GURSOHWV HYDSRUDWH FRPSOHWHO\ PRYHV IXUWKHU GRZQVWUHDP WKHPDLQ SLSH 7KH UHDVRQ IRU WKLV PRYLQJ LV WKDW WKH
PL[LQJRIWKHFROGDQGKRWIOXLGLQWKHLPSURYHGVWUXFWXUHLVQRWDVYLROHQWDVLWLVLQWKHRULJLQDOVWUXFWXUHZLWKLQWKH
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IOXLG PL[ LQ WKH WHH )OXLG VWUXFWXUH LQWHUDFWLRQ )6, DQDO\VLV KDV EHHQ HPSOR\HG ZLWK WKH KHOS RI $16<6
:RUNEHQFKWRJHWWKHWKHUPDOVWUHVV
)LJXUH  VKRZV WKH VWUHVV LQWHQVLW\ FRQWRXU RI WKH RULJLQDO WHH DQG WKH XQLW LV03D )LJ  D LV WKH VWUHVV
LQWHQVLW\RIWKHVWUXFWXUHXQGHUIOXLGSUHVVXUHRQO\ZKLOH)LJELVWKHVWUHVVLQWHQVLW\RIWKHVWUXFWXUHFDXVHGE\
ERWK IOXLG SUHVVXUH DQG WHPSHUDWXUH 7KH GLDJUDP VKRZV WKDW WKH PD[LPXP VWUHVV LQWHQVLW\ SRLQW ORFDWHV LQ WKH






OLWWOHGLIIHUHQFH LQVWUHVV LQWHQVLW\RI WKHVWUXFWXUHEHWZHHQWKHRULJLQDODQG LPSURYHG WHH7KHYDOXHRIPD[LPXP
VWUHVV LQWHQVLW\ MXVW JHWV ORZHU VOLJKWO\ LQ WKH LPSURYHG VWUXFWXUHZKHQ WKH IOXLG SUHVVXUH DSSOLHG RQO\ DQG JHWV
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